ADDITIONAL INDEX WORDS. Fusarium solani f. sp. cucurbitae, annual medic, Medicago truncatula, M. polymorpha, winter rye, Secale cereale, hairy vetch, Vicia villosa SUMMARY. In 2001 and 2002, fall-and spring-sown, spring-killed or spring-sown living cover crops mulches were evaluated for their effects on pumpkin (Cucurbita pepo) number and weight, fruit cleanliness, and fusarium fruit rot (FFR; Fusarium solani f. sp. cucurbitae race 1). In general, the number and weight of orange (mature) fruit and total fruit weight were higher in bare soil (conventional), fall-or spring-sown, spring-killed cover crop mulches compared with spring-sown, living annual medic (Medicago spp.) cover crop mulches. In both years, pumpkins grown on fall-sown winter rye (Secale cereale), hairy vetch (Vicia villosa), winter rye + hairy vetch, and spring-sown oat (Avena sativa) produced fruit numbers and weights comparable to or slightly higher than bare soil (conventional) production, suggesting that these cover crop mulches had no effects on reducing pumpkin yield. The number and weight of pumpkins grown in spring-sown, living annual medic cover crop mulches were reduced in both years compared with the other cover crop mulches. On artificially inoculated field plots, percentages of groundcover at harvest and fruit with FFR were 89% and 5% in fall-sown winter rye (seeded at 90 lb/acre), 88% and 10% in fall-sown rye (50 lb/acre), 85% and 5% in fallsown rye + hairy vetch (50 lb/acre each), 19% and 30% in fall-sown hairy vetch (50 lb/acre), 23% and 23% in spring-sown oat (110 lb/acre), 1% and 25% to 39% in spring-sown, living annual medics (40 lb/acre) and 0% and 46% in bare soil plots, respectively. Results suggest that cover crop mulches such as fall-sown winter rye, fallsown winter rye + hairy vetch, or spring-sown, spring-killed oat killed and left on the soil surface may help reduce losses to FFR in pumpkin production.
F usarium fruit rot is an important soil-borne fungal disease of cucurbit crops (Zitter et al., 1996) . Fusarium solani f. sp. cucurbitae race 1 was the most common species causing fruit rot of pumpkin in a survey of commercial fields in Ohio from 2000 to 2002 ( Fig. 1) (Wyenandt et al., 2010) and was also confirmed as the causal agent of fusarium foot and fruit rot outbreaks in pumpkin in Connecticut, New York, and Missouri during 2001-03 (Elmer et al., 2007) . Fusarium fruit rot can be extremely destructive in small roadside farm markets where ''u-pick'' pumpkins are planted in the same field each year. In some years in Ohio, yield loss was as high as 100% where pumpkin rotations are nonexistent, or every 1 or 2 years (Wyenandt et al., 2010) . Using cover crop mulches in pumpkin production may play an important role in reducing soil-borne fungal diseases when proper crop rotations cannot be done. Cover crops have been used in low-or high-input agronomic and vegetable production systems to help reduce soil erosion, fungicide use, plant disease, and weed pressure (Ellis et al., 1998; Hoyt, 1999; Jones et al., 1969; Louws et al., 1996; Masiunas et al., 1995; Mills et al., 2002; Putnam, 1990; Ristaino and Johnston, 1999; Sumner et al., 1986) . Cover crops have also been shown to increase soil organic matter (SOM), nitrogen availability, and soil moisture (Blevins et al., 1971; Gallaher, 1977; Hoyt and Hargrove, 1986; Teasdale and Daughtry, 1993) . Cover crop mulches have been shown to have negative, no impact, or positive effects on vegetable yields (AbdulBaki and Abdul-Baki et al., 1996a , 1996b Creamer et al., 1996; Doss et al., 1981; Koike et al., 1997; Knavel and Herron, 1986; Louws et al., 1996; McKeown et al., 1998; NeSmith et al., 1994; Wyenandt et al., 2008a Wyenandt et al., , 2008b . Cover crops may also increase disease in subsequent crops (Koike et al., 1997) .
Traditional cover crops used in the midwestern United States, such as hairy vetch and winter rye that are killed and left on the soil surface, have been evaluated in pumpkin production (Everts, 2002; Galloway and Weston, 1996) . Cover crops can be killed with herbicide applications or mechanically by roll chopping, crimping, flail mowing, or undercutting before no-till planting (Creamer et al., 1995 (Creamer et al., , 1996 . Vegetable production systems involving cover crop mulches, such as zone-or striptillage, are systems where planting strips are killed with herbicide or rotovated before vegetable seeding or transplanting. In other systems, such as hybrid mulch systems, cover crop mulches are Production problems may arise in small roadside farm operations trying to incorporate fall-sown cover crops such as winter rye, hairy vetch, or both in pumpkin production systems. These include having a field available in the fall for cover crop seeding, the proper timing of fall seeding, potential winter kill, timing of spring desiccation, and the potential for herbicide drift when killing the cover crop. In some cases, simply having too much aboveground cover crop biomass in the spring can make it difficult to strip-or no-till plant into the cover crop mulch if the proper no-till equipment is not used. Incorporating the use of spring-sown, living or spring-sown, spring-desiccated cover crop mulches, such as oat, may help alleviate some of the problems associated with incorporating the use of fall-sown cover crops in some small vegetable farm operations. Living cover crop mulches have been evaluated as cover crops in agricultural and vegetable production (Masiunas, 1998; Paine and Harrison, 1993) . Spring-sown living cover crop mulches, such as annual medic, have been evaluated in the midwestern United States as emergency forage crops and as contributors of nitrogen to the soil (Shrestha et al., 1998; Zhu et al., 1996) .
Very few field studies have been done to examine the role of cover crop mulches on the development of soil-borne fungal pathogens in pumpkin production. Everts (2002) determined that pumpkin grown on a fall-sown hairy vetch or a hairy vetch plus winter rye cover crop had an average of 36% less plectosporium blight (Plectosporium tabacinum) and 50% less black rot (Didymella bryoniae) than those grown with conventional tillage on bare ground. Although the mechanism by which disease was reduced was not studied, the hairy vetch + winter rye cover crop mulch resulted in a thick and long-lasting barrier between fruit and the ground and provided greater reduction in disease than hairy vetch alone (Everts, 2002) . Rutledge (1999) in a review of conservation tillage vegetables in Tennessee suggested that crops that can be produced satisfactorily on cover crops can be harvested in cleaner condition, which can reduce cleaning costs to the packer, grower, or processor. Rutledge (1999) also suggested that with a residue cover, growers can get into fields sooner after a rain or irrigation event with reduced equipment slippage and with reduced soil erosion due to mechanical rutting of the land. Failure to obtain a good stand of the cover crop results in a very thin groundcover, increased weed problems, and unclean fruit due to adherence of soil particles (Rutledge, 1999) .
The objectives of this study were to determine the effects of fall-and spring-sown cover crop mulches on pumpkin yield, aesthetic fruit quality (e.g., cleanliness), and development of FFR caused by F. solani f. sp. cucurbitae. (Table 2 ). In June 2001 and 2002, all falland spring-sown cover crop mulch treatments were rolled flat with an 18-inch by 24-inch-wide walk-behind polyethylene lawn roller and allowed to lie on the soil surface during the production season. In both years, annual medics were allowed to remain as living cover crop mulches during the production season ( In each year at pumpkin seeding and harvest, percent groundcover and aboveground biomass for each cover crop mulch treatment was estimated. All aboveground biomass from an area (1/8 m 2 ) in the center of each cover crop was collected from three replications at pumpkin seeding and four replications harvest at each site in both years. Aboveground biomass was dried at 75°C for 72 h and weighed to extrapolate dry weight (tons/acre). Average percent groundcover (i.e., the percentage of the soil surface covered by the cover crop mulch) at pumpkin seeding and harvest was determined by visually estimating an area (1/2 m 2 ) in the center of each plot using a scale of 0.0-1.0 using 0.05 increments.
Materials and methods
PUMPKIN HARVEST, FRUIT CLEANLI-NESS, AND FFR DETERMINATION. In October of each year, all pumpkin fruit were harvested and weighed (Table  2 ). All harvested fruit were rated for the presence of intact soil on the surface of the fruit. Pumpkin fruit were rated qualitatively on a scale where one equaled fruit with any soil present on the surface (i.e., dirty) at harvest or zero equaled fruit with no soil present on the surface (i.e., clean) at harvest. In both years, the percentage of harvested clean fruit was calculated for each cover crop mulch treatment. At Wooster in 2002 all pumpkin fruit were rated for symptoms of FFR at harvest. Pumpkin fruit were rated qualitatively on a scale where zero equaled fruit with no symptoms of FFR or one equaled fruit with symptoms of the disease (Fig. 1) . The number of fruit infected and percent yield loss (PYL) because of FFR were calculated for the Wooster location in 2002.
Statistical analysis
Analysis of variance [ANOVA (PROC GLM; P = 0.05)] was done with SAS (version 9.1; SAS Institute, Cary, NC) to determine the effects of cover crop treatment on total number and weight of orange, green, and culled fruit; average weight of orange fruit; and total weight and yield of marketable orange fruit. Percent marketable orange fruit, percent groundcover, and biomass production were calculated at pumpkin planting and harvest. The relationship between the percentage of groundcover and biomass production at harvest and the percentage of clean fruit and percent groundcover at harvest was explored for each site in both years. In both years, there were significant location by treatment interactions for the total number and weight of orange, green, and total harvested fruit. Therefore, each location was analyzed separately in both years of the study (Tables 3 and 4) . In general, the number and weight of orange fruit and total fruit weight were higher in bare soil (conventional), fall-or spring-sown, springkilled cover crop mulches compared with spring-sown, living annual medic cover crop mulches (Tables 3 and 4) . In both years, pumpkins grown on fallsown winter rye, hairy vetch, winter rye + hairy vetch, or spring-sown oat produced fruit numbers and weights comparable to or slightly higher than bare soil (conventional) production, suggesting that these cover crop mulches had no effects on reducing pumpkin yield. In both years, the number and weight of pumpkins grown in spring-sown, living annual medic cover crop mulches were reduced compared with other cover crop mulches (Tables 3 and 4 ). This suggests that the living cover crop mulches were competing with the pumpkin planting for available resources, such as water and fertility. In both years, fruit cleanliness was highest in a cover crop mulch consisting of fall-sown winter rye at either seeding rate. Spring-sown oat and fall-sown hairy vetch also improved fruit cleanliness but was less when compared with fall-sown winter rye, winter rye + hairy vetch, or both cover crop mulches. Spring-sown, living annual medic cover crops also improved fruit cleanliness depending on cultivar and year but reduced pumpkin number and weight in both years (Tables 3 and 4) . In general, as biomass increased so did the percentage of groundcover on the soil surface at pumpkin harvest (Fig. 2) . With the exception of Fremont in 2001, there were no significant differences in groundcover or biomass production at pumpkin planting or harvest between fall-sown rye seeded at 90 or 50 lb/acre (Table 5) . In both years, groundcover at pumpkin planting and harvest was highest in fall-sown winter rye and spring-sown 'Sephi' annual medic (Tables 5 and 6 ). Spring-sown oat and fall-sown hairy vetch provided adequate biomass and groundcover at pumpkin planting but failed to provide enough groundcover to last season-long at some sites each year (Tables 5 and 6 ). Groundcover and biomass production for spring-sown, living annual medic cover crops varied significantly in both years (Tables 5  and 6 ). At some sites, groundcover and biomass increased in 'Sephi' from pumpkin planting until harvest. In both years, the relationship between clean fruit (i.e., without soil debris on surface) and groundcover (i.e., percentage of soil surface covered by cover crop mulch) at pumpkin harvest was explored separately for each location (Fig. 3) . At one of four sites in 2001 and at all sites in 2002 there was a strong positive correlation between groundcover and the percentage of fruit that were harvested clean (Fig. 3) . In other words, as groundcover increased (i.e., percentage of soil surface covered by cover crop mulch) so did the percentage of clean fruit. This suggests that the presence of the cover crop on the soil surface kept some fruit from coming into direct contact with the soil surface (Fig. 3) (Fig. 4) . In general, FFR development ranged from 0% to 80% in cover crop mulches where percent groundcover was low (<20% groundcover) at harvest, from 0% to 50% where groundcover was %50% at harvest, and from 0% to 20% where groundcover was >75% at pumpkin harvest. There was a negative correlation (r = -0.678) between percent groundcover and FFR development at harvest (Fig. 4) . Thus, in general, the more groundcover present on the soil surface at pumpkin harvest, the fewer number of fruit were infected with FFR, suggesting that the cover crops were beneficial in acting as a physical barrier between pumpkin fruit and the surface of the soil ( Fig. 4 ; Table 7 ).
Conclusions
Fall-sown winter rye seeded alone or with hairy vetch produced enough aboveground biomass to provide season-long groundcover for pumpkin production in the midwestern United States. Early establishment (i.e., before hard freezes) in the fall is critical to the success of a winter rye, hairy vetch, or both cover crop mulch in the midwestern United States. Hairy vetch seeded in mid-to late-October in Ohio did not establish because of a hard freeze in central and northern Ohio soon after germination. Spring-sown oat seeded at 110 lb/acre in late-April to earlyMay provided excellent early-to-midseason groundcover in both years and may be an alternative if winter rye, hairy vetch, or both cover crops cannot be established in the fall. In this study, fall-sown hairy vetch seeded at 50 lb/acre and spring-sown oat seeded at 110 lb/acre cover crops failed to provide season-long groundcover, thus reducing their ability to help increase fruit cleanliness at harvest. The faster breakdown of hairy vetch and spring-sown oat compared with fall-sown winter rye during the production season is most likely due to the lower carbon to nitrogen (C:N) y BS = bare soil (no cover crop mulch), FS = fall-sown cover crop, SL = spring-sown, living cover crop, SS = spring-sown cover crop mulch. Pumpkins grown in BS-no fungicide treatments did not receive any fungicide maintenance applications for powdery mildew control the entire growing season. All other cover crop treatment plots received regularly scheduled fungicide applications for cucurbit powdery mildew control. x 1 lb/acre = 1.1209 kgÁha -1 . w Number of orange, green, and total harvested [orange + green + culled (i.e., not marketable)] fruit per 25 · 25 ft 2 (7.6 m) plot [625 ft 2 (58.1 m 2 )]. v Weight of orange, green, and total harvested [orange + green + culled (i.e., not marketable)] fruit per 25 · 25 ft 2 plot; 1 kg = 2.2046 lb. u Means within a column and location followed by the same letter are not significantly different according to Fisher's protected least significant difference test at P £ 0.05.
• June 2011 21(3) ratios of the hairy vetch and oat. Hairy vetch has a common C:N ratio of %25-30:1, and oat has a common ratio of 50:1. Both these C:N ratios are much lower compared with that of a fall-sown winter rye at 70:1, thus resulting in the quicker breakdown of the mulch on the soil surface.
Annual medics, such as burr medic and barrel medic, which are commonly grown as forage crops in Australia, established well when seeded in lateApril to early-May in central and northern Ohio. Depending on species and cultivar, the annual medic either grew, died back, or died completely during the production season depending on insect pests, foliar disease, and weather conditions. In general, 'Sephi' outperformed 'Polygraze' and 'Parabinga' in biomass production and percent groundcover on different soil types in Ohio. At some sites, 'Sephi' continued to grow during the production season leading to an increase in biomass and percent groundcover by pumpkin harvest where 'Polygraze' and 'Parabinga' died completely or almost completely during the production season. This was most evident in 2002 where 'Sephi' provided excellent season-long groundcover at two of three sites when 'Parabinga' and 'Polygraze' provided early but failed to provide season-long groundcover due to early senescence from summer heat, twospotted spider mite (Tetranychus urticae) damage, and defoliation caused by powdery mildew (Erisiphe polygoni).
This is the first study that supports the relationship between cover crop biomass production and percent groundcover and their effects on increasing fruit cleanliness in pumpkin production. Correlation analysis indicated that there was a positive relationship between biomass production ) area in the center of each cover crop mulch treatment at pumpkin planting (three replications) and harvest (four replications); 1 ton/acre = 2.2417 MgÁha -1 . u Percentage of clean fruit (i.e., fruit without soil attached) at harvest. t Means within a column and location followed by the same letter are not significantly different according to Fisher's protected least significant difference test at P £ 0.05.
• June 2011 21(3) (tons/acre) and percent groundcover at pumpkin harvest and a positive relationship between the percentages of cover crop groundcover and clean fruit at harvest. Rutledge (1999) , in a review of conservation tillage of vegetables in Tennessee, suggested that crops that can be satisfactorily produced on cover crops can be harvested in cleaner condition, which can reduce cleaning costs to the packer, grower, or processor. The results of this study are similar to another where municipal shade tree leaves were evaluated for their effects on yield and providing clean fruit at harvest in pumpkin production (Wyenandt et al., 2008a) .
The effects of fall-and springsown cover crop mulches on FFR development in pumpkin production were evaluated. At Wooster in 2002, cover crops consisting of fall-sown rye at 50 or 90 lb/acre or fall-sown winter rye + hairy vetch sown at 50 lb/acre each significantly reduce incidence of FFR compared with bare soil (conventional) production.
Although the mechanism by which disease was reduced was not studied, it is understood that the pathogen must come into direct contact with pumpkin fruit on the soil surface. In this study, we hypothesized that a cover crop mulch layer may prevent direct contact between the soil-borne pathogen and pumpkin fruit by acting as a physical barrier, thus reducing FFR development. This physical barrier may potentially help to reduce direct infection, the splashing of fungal spores, or have other effects on
